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STANOL COMPOSITION AND THE USE THEREOF 



Field of the Invention 

The present invention relates to a sitostanol containing composition of plant 
stands especially for use as a serum cholesterol level lowering substance. The 
invention also relates to the corresponding esterified form of such a composition 
which advantagously can be used in edible oils and fats and in fat-containing 
foods. 

Background of the Invention 

Plant sterols are essential components of all plants. Their functions in plants 
resemMe the functions of cholesterol in mammals. The most abundant plant 
sterols in the flora are B-sitosterol, campesterol and stigmasterol. The chemical 
structure of these plant sterols is very similar to that of cholesterol the differences 
occuring in the side chain of the backbone of the molecule. For example, 
compared to cholesterol, the side chain of sitosterol contains an additional ethyl 
group and the side chain of campesterol an additional methyl group. 

Since 1950's plant sterols have been known to effectively reduce the serum 
cholesterol levels. Even when administered in relatively small doses (a few grams 
a day) they reduce the absorbability of both biliary and dietary cholesterol 
effectively and thus lower the serum total and LDL-cholesterol levels (12, 28, see 
also 27, 32). The mechanism by which the restriction of cholesterol absorption 
happens is still not known in detail, but it is assumed that plant sterols displace 
cholesterol from the micellar phase and thereby prevent its absorption. In 
practically all of the early studies, sitosterol or its hydrogenated form sitostanol 
has been the main plant sterol of interest. However, the sterol composition of the 
tested preparations has not always been well documented, and the sterol 
preparations used in most studies have also contained different amounts of other 
sterols. 

Plant sterols have been considered as a saf way of lowering serum cholesterol 
levels, since they are natural components of vegetable fats and oils. Additionally, 
their absorption from the intestine of healthy subjects is limited, and th limited 
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amounts absorbed are excreted from the body in the bile. The absorbtion rate of 
the plant sterols varies between individuals and between the different plant 
sterols, but for healthy humans usually less than 5% of the plant sterols are 
absorbed from the digestive tract (27). However, up to 10% of dietary campesterol 
5 has been shown to be absorbed (20). 

In few rare diseases such as sitosterolemia plant sterols are absorbed 
exceptionally efficiently, and also the elimination from the body via the biliary 
route is impaired. Serum levels of sitosterol, campesterol and also their saturated 

10 forms sitostanol and campestanol are highly elevated. The elevated levels of the 
saturated stands are most probably due to their more effective endogenous 
synthesis rather than a more effective absorption (10, 27). If untreated, 
sitosterolemia leads already at young age to xanthomatosis and coronary heart 
disease. For people with this disease, an administration of unsaturated plant 

15 sterols in amounts greater than normally present in foods may lead to hazardous 
health effects. 

Lees and Lees (25) tested the effects of three different sitosterol preparations on 
plasma lipid and lipoprotein concentrations. One of the preparations was Cytellin, 

20 a commercial preparation (Eli Lilly Co., USA) that contained 60-65% sitosterol and 
35-40% other sterols, mainly campesterol. An average dose of 18 g/day divided in 
three doses resulted in a 10.5% average fall in plasma total cholesterol and a 
15% fall in LDL-cholesterol. However, when only traces of plant sterols including 
campesterol are normally detected in plasma (10, 33), the plasma concentration 

25 of campesterols varied from 4 to 21 mg/dl in the subjects tested by Lees and Lees 
(25). In the discussion the authors stated very strongly that since the 
atherogenicity of campesterol is unknown, the use of a sitosterol preparation with 
a relatively high campesterol content like the Cytellin preparation used in their 
study cannot be recommended. 

30 

Further, Lees et al. (26) studied the efficacy of plant sterols from soybean oil and 
tall oil in lowering the blood cholesterol level. They used two different physical 
forms of ach plant sterol, namely a susp nsion and a powder. The soy sterol 
consisted of 60^65% sitosterol and 35% campesterol, and a daily dose of an 
35 average 18 g of sterols per day (range 9-24 g) was given in three equal doses. A 
tall oil sterol pr paration with only about 5% campesterol was us d in this study. A 
daily dose of 3 grams of both tall oil sterol preparations (powder and suspension) 
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was tested. Additionally, a dose of 6 grams of the tall oil sterol suspension was 
tested. 

Soy sterol in both physical forms and tall oil sterol in powder form reduced the 
plasma cholesterol content by on average 12% (26). However, the relatively high 
absorbability of campesterol that has already been shown earlier, was observed 
also in this study. In the 5 patients tested the plasma campesterol levels ranged 
from 5 to 21 mg/dl (mean 16 mg/dl). Thus again, even if the cholesterol-lowering 
effect of soy sterol was proved to be significant, the authors did not recommend 
its use as a cholesterol-lowering agent. On the contrary, they recommended that 
pharmaceutical plant sterol preparations should contain a minimum of 
campesterol and a maximum of sitosterol. Based on the two studies cited above, it 
can be concluded that the use of vegetable oil based sterols such as soy sterol 
are strongly not recommendable. 

Saturated plant sterols such as sitostanol and campestanol are present in most 
vegetable oils only in trace amounts. However, tall oil sterols contain 10-15% of 
sitostanol. the saturated form of sitosterol. Sitostanol can also be made by 
hydrogenation of the double bond in sitosterol. In the latest studies made with 
both experimental animals and humans, sitostanol has been proven to be more 
effective as a cholesterol-lowering agent than sitosterol (8, 16, 17, 18, 19, 36). 

An additional advantage of sitostanol is that it is virtually unabsorbable. Several 
studies (e.g. 9. 16, 17. 21) have shown that sitostanol is practically unabsorbable 
while small amounts (<5%) of its unsaturated form sitosterol (33) can be 
absorbed. Similarity, in an in vitro study Amstrong and Carey (6) also showed that 
cholestanol, a saturated form of cholesterol, was more hydrophobic and less 
absorbable than cholesterol. 

When sitostanol is made by hydrogenation of the most usual plant sterol sources, 
also another saturated plant sterol, namely campestanol. is formed from 
campesterol. Until recently, relatively little has been known about the absorbability 
and the possible hypocholesterolemic effect of this stanol. Based on the data 
cited above stating that saturated sterols are less absorbable than their 
unsaturat d forms, it could b hypothesized that campestanol might be virtually 
unabsorbable. 
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To study the absorbability of different plant sterols Heinemann et al. (20) 
compared the intestinal absorption of cholesterol with campesterol, sitosterol, 
stigmasterol and also low concentrations of sitostanol and campestanol in 
humans by means of intestinal perfusion technique. The results showed that the 
5 absorption rate of the differed plant sterols varied between different plant sterols 
being on average 4.2% for sitosterol, 4.8% for stigmasterol, 9.6% for campesterol 
and 12.5% for campestanol. Large variation between the absorption efficacy in 
the ten male subjects was detected. 

Thus, according to Heinemann et al. (20) campestanol was found to be more 
10 efficiently absorbed than its unsaturated form campesterol. This is against the 
assumption based on studies cited earlier that showed that the saturated sterols 
(sitostanol, cholestanol) would be less absorbable than the unsaturated ones 
(sitosterol, cholesterol). The reason for this remains unclarified. Heinemann et al. 
(20) speculated, though, that the reason for this conflicting result might be that the 
15 study of Amstrong and Carey (6) was made with in vitro conditions and that the 
theory of the hydrophobicity being a major factor in micellar binding and/or 
absorption might not be relevant in in vivo conditions. However, this speculation 
does not explain the fact that several studies that have shown the poorer 
absorbability of sitostanol compared to that of sitosterol have been made under in 
20 vivo conditions. Thus the results of Heinemann et al. (20) that conflict with 
previous results remained unexplained by the authors. 

Sugano et al. (34) studied the hypocholesterolemic activity of corn sterols 
(composition: 31% campesterol, 4% stigmasterol and 65% sitosterol) and corn 

25 stands (composition: 31% campestanol and 69% sitostanol) obtained by 
hydrogenation of a corn oil sterol mixture. Two experiments were carried out in 
rats. Both the sterol and the stanol showed hypocholesterolemic effects at the 
level of 0.5-1% of the diet when cholesterol (1% in the diet) was ingested. In the 
first experiment no significant difference was sen in the hypocholesterolemic 

30 effect of phytosterols and phytostanols. However, in the second experiment, at the 
same dietary levels the phytostanols showed considerably greater ability to lower 
the plasma cholesterol concentration tham did the phytosterols (statistically 
significant at p<0.02). Moreover, rats fed the 1.0% stanol diet had plasma 
chol sterol levels significantly lower (p<0,02) than that of the animals fed the diet 

35 free of cholesterol. This was not observed in rats fed the 1 .0% sterol diet. 
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Sugano et al. (34) did not study the difference in hypocholesterolemic effect 
between stanol mixtures with a high content of sitostanol and a low content of 
campestanol (tall oil sterol based) and stanol mixtures with a substantially higher 
level of campestanol (vegetable oil sterol based). They compared the 

5 hypocholesterolemic effect of an unsaturated sterol mixture with the 
corresponding saturated stanol mixture. Later studies made by this research 
group have been focused on the cholesterol lowering effect of sitostanol specificly 
and compared to sitosterol (21, 22, 23, 35). In fact, in a later publication (23) they 
refer to the phytostanol study mentioned above (34) mentioning only the 

10 hypocholesterolemic effect of 0-s' tostano1 compared to B-sitosterol without 
discussing any hypocholesterolemic effect of saturated sterols (including 
campestanol) compared to unsaturated sterols. In the later studies mentioned 
above sterol mixtures with the typical composition of hydrogenated tall oil sterols 
with a high content of sitostanol (>90%) have been used. 

15 

Miettinen and Vanhanen (30) ha/e shown that sitostanol in fatty acid ester form is 
more effective than free sitostanol in lowering serum cholesterol levels. Later 
studies have also shown that the use of sitostanol esters as a part of a daily diet 
is an effective way of reducing serum total and LDL-cholesterol concentrations 

20 (13. 14. 15. 31 . 37, 38). The benefit of using stanol esters instead of free stanol is 
also that the stanol esters are fat-soluble and can therefore easily be incorporated 
into a wide variety of foods without changing the taste, flavor or physical behavior 
of the final product. The method for the preparation of sitostanol fatty acid esters 
and the use of fat-soluble stanol esters in foods have been disclosed in US Patent 

25 No 5,502,045 (2), hereby incorporated by reference. 

Straub (3) suggests the use of saturated stanols (sitostanol, dionastanol, 22,23- 
dihydrobrassicastanol, campestanol and mixtures thereof) in a method for making 
a food additive composition where stanols are mixed with an edible solubility 
30 agent, an effective amount of a suitable antioxidant and an effective amount of a 
suitable dispersanL These food additives are intended to reduce cholesterol 
absorption from foods and beverages which contain cholesterol, e.g. meat, eggs 
and dairy products. However, in this patent no data showing either any clinical 
eff cts or th absorbtion of dietary sterols is presented. 

Eugster et al. (1) teach the use of small amounts of sterols, their fatty acid esters 
and glucosides for the treatment of tumors. The methods of preparation proposed 
by Eugster t al. involve hazardous chemical reagents like N.N'-carbonyl- 
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diimidazole, thionyl chloride and solvents like tetrahydrofuran, benzen. chloroform 
or dimethylformamide. Eugster et al. comment on the possible use of these 
substances as dietary foods and as food additives, but do not present any data on 
hypocholesterolemic effects or make any claims covering such use. From the 

5 disclosure of Eugster et aL it is hard to get a clear picture of how the end product 
is purified to yield a pure enough sterol ester jn large amounts enough to be used 
as a food component. The only purifying processes referred to are thin layer 
chromatography and high performance liquid chromathoghaphy. This being the 
case, the preparation method referred to in the patent by Eugster et al. is limited 

10 to small amounts only. 

The US patent 3,751,569 (4) discloses the addition of plant sterol fatty acid esters 
to cooking oil with the objective of lowering the serum cholesterol levels in man. 
The patent proposes, for use in the esterification of free sterols, a method which 
in no case fullfills the requirement for preparation of a food-grade product. 
According to the patent, the esterification is carried out between a free sterol and 
a fatty acid anhydride, with perchloric acid acting as a catalyst. The catalyst and 
reagent used cannot be accepted in food processes. In addition, the patent 
relates to the fatty acid esters of only native plant sterols. The method proposed in 
the German patent DE 22 48 921 (5) for the esterification of sterols present in oils 
and fats by a chemical interesterification technique fullfills the criteria of food 
processes. In this patent, free sterol and an excess of fatty acid esters are added 
to a mixture of oil or fat, whereafter the entire fat blend is interesterified by a 
commonly known interesterification technique. In the resulting fat blend virtually 
all free sterols have been converted to fatty acid esters.The purpose of this is to 
protect free sterols in vegetable and animal oils against possible changes during 
processing. 

Earlier data shows that campesterol, one of the major plant sterols, is absorbed 
30 relatively efficiently. Therefore it has been recommended that only plant sterol 
mixtures with a minimum content of campesterol should be used. This has in 
practice lead to the use of sterol mixtures such as tall oil sterols with a high 
content of sitosterol. 

35 Most work on stanols has cover d sitostanol only. The study of Heinemann et al. 
(20) sh wing that campestanol, the saturated form of campesterol, is more readily 
absorbed than campesterol or sitosterol (12.5%, 9.6% and 4.2% respectively) has 
lead to a "consensus" that saturated sterol mixtures with "elevated" levels of 
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campestanol ar unsafe due to the absorption of campestanol. A clear evidence 
of this is that all clinical studies covering the use of stanols (sitostanol) have been 
based on sterol mixtures with a high level of sitostanol and a low level of 
campestanol. 

5 

It is an established fact from many studies (e.g. 8, 17, 18, 19, 23, 36), that 
sitostanol, the saturated form of sitosterol, is more effective than the 
corresponding unsaturated sitosterol in reducing the blood cholesterol level. 
Furthermore saturated sterols are absorbed in very limited amounts, which make 
10 the use of saturated sterols a safe mean of reducing cholesterol on a population 
bases. Of the unsaturated sterols especially campesterol is absorbed in amounts 
high enough to call for strong recommendations against the use of sterol mixtures 
with eleveted levels of campesterol (eg. vegetable oil based sterol mixtures) (25, 
26). 

15 

Accordingly there has been a strong prejudice against using campestanol in any 
substantial amounts as a substance to be added to foods and this has seriously 
limited the spectrum of phytosterol containing raw materials to such containing a 
relatively minor amount of campesterol and its saturated form, campestanol. 

20 

Brief Description of the Invention 

This invention relates to plant stanol compositions containing sitostanol as a main 
component but with substantial amounts of campestanol, either in free form or 
25 esterified as fatty acid esters for lowering the level of blood serum cholesterol. 

The invention further relates to the use of stanol compositions containing 
sitostanol as the main component but also substantial amounts of campestanol, or 
fatty acid esters thereof in edible commodities as a dietary component for 
30 lowering blood serum cholesterol levels. 

The object of the present invention is to broaden the spectrum of plant raw 
materials useful in the preparation of substances for edible commodities, 
especially edible oils and fats and fat-containing foods intended to control 
35 chot st rol levels in blood serum. The invention enables using as raw materials 
for these purpos s plant oils and fats containing in addition to sitosterol also a 
substantial amount of campesterol. 
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Suitable raw materials for use in the preparation of the compositions of the 
; present invention are e.g. corn, soybean and rapeseed but also other plants with 
a phytosterol composition high in campesterol may be used. 

5 The novel composition of the present invention, and especially its esterified form, 
may be incorporated in food substances such as cooking oils, margarines, butter, „ 
mayonnaise, salad dressings, shortenings, cheeses (including unripened and 
ripened cheeses) and other fat-containing foods. 

10 The composition of the present invention can also be consumed as such. 

Detailed Description of the invention 

According to the present invention, the plant stanol composition contains, in 
15 addition to its main component, sitostanol, also a substantial amount of at least 
10% campestanol. 

The composition preferably contains as much as from 20% to 40% and most 
preferably from 25% to 35%, e.g. about 30% campestanol or its fatty acid ester 
20 when the composition has been esterified to make it lipophilic. 

Throughout this specification all percentages are given by weight, unless 
otherwise specified. In this specification the bracketed numbers refer to 
publications listed in the appended List of References. 



Data obtained surprisingly and against prevailing prejudice shows that a 
hydrogenated stanol mixture containing sitostanol as the main component but with 
substantial amounts of campestanol is at least as effective as a stanol mixture 
containing over 90% sitostanol and a low level of campestanol, indicating that 

30 campestanol is at least as effective in reducing the absorption of cholesterol as 
sitostanol. Moreover, data from sterol analysis of blood serum clearly shows that 
campestanol remains virtually unabsorbed, with blood serum contents being 
about 40% smaller than that of sitostanol. Thus a stanol mixture containing sito- 
stanol as a major component but with substantial amounts of campestanol must 

35 be regarded as at least as safe as a conventional tall sterol based stanol mixture. 
This data is in striking contrast to current opinion regarding the efficacy and safety 
of stanol mixtures with elevated amounts of campestanol (see 20, 27, 34). 
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The US Patent No 5.502,045 (2) showed that fatty acid esters of sitostanol are 
more effective in reducing the blood cholesterol level than the free sitostanol. 
Later studies have clearly confirmed the cholesterol lowering effect of a margarine 
containing fat soluble sitostanol fatty acid esters (e.g. 31). 

5 

The use of stanol fatty acid esters instead of free stands is crucial for a broad use 
of these in various fat containing food products because only the stanol fatty acid 
esters are soluble in edible oils and fats in amounts high enough to reach levels 
effective in reducing the absorption of both dietary and biliary cholesterol from the 
10 digestive trad 

The solubility of stanol esters in edible oils and fats is as high as 35-40%, where- 
as the solubility of free sterols in edible oils and fats is limited to a maximum of 2 
per cent by weight only at the temperature of 21 °C (24). Higher amounts could be 
incorporated by using different surfactancts, solubilizing or dispersing agents, but 

15 even the use of these substances does not ensure fat solubility. The use of the 
above substances is usually restricted or even prohibited by law. Furthermore free 
sterols at a level of 1% will affect the physical properties of the fat or oil, causing 
changes in the structure and physical behaviour of the product. This is not the 
case when stanol fatty acid esters are used since the physical properties of the fat 

20 mixture can easily be modified by altering the fatty acid composition of the 
mixture. 

It is obvious that stanol fatty acid esters easily can be incorporated to other foods 
than margarines and spreads as described in this invention. The US Patent No 
25 5,502,045 (2) gives further examples of possible use. It is, however, obvious to 
those skilled in the art that stanol fatty acid esters can be added to a wide variety 
of foods, especially fat-containing foods. 

Many methods for preparing fatty acid esters of sterols have been proposed. The 
30 drawbacks of these methods are that almost all of them use reagents, which 
cannot be accepted in the production of a product intended to be used as a 
macronutrient in foods. The use of toxic reagents like thionyl chloride or anhydride 
derivatives of fatty acids is common. 

35 The preferred method of preparing stanol fatty acid sters of sterols is described 
in the US patent No 5,502,045 (2, hereby incorporated by reference). This 
procedur is based on the interesterification process used widely by the edible fat 
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and oil industry. This esterification process deviates advantageously from 
previous methods in that no other substances than the free stanol, a fatty acid 
ester or a fatty acid ester mixture and a interesteriftcation catalyst like sodium 
ethylate are used. One important feature of the method is that one of the 
5 reactants, the fatty acid ester is used in excess and functions as a solvent, 
solubilizing the stanol under the conditions used (vacuum 5-15 mmHg). The 
reaction gives a mixture of fatty acid esters and stanol fatty acid esters. The 
stanol fatty acid ester can easily be concentrated into almost pure stanol fatty acid 
esters by vacuum destination, which removes the excess of fatty acid esters. 
10 Alternatively the blend can be added as such to the final fat blend before the 
deodorizing step is carried out. 

Stanols are found in small amounts in nature eg. in wheat, rye, com and tritricale 
and can thus be found in small amounts (11, 14) in the daily food. Stanols can 

15 easily be produced by hydrogenation of natural sterol mixtures. Only tall sterol 
mixtures with high enough purity (sterol content >98%) to be used as such for 
food use were commercially available in early 1996. Plant sterols with substantial 
amounts of campesterol such as vegetable oil based sterol mixtures can e.g. be 
obtained as a by-product of tocopherol production from vegetable oil distillates. 

20 The obtained plant sterols can be converted into stanols by prior known 
hydrogenation techniques such as that based on the use of Pd/C catalyst in 
organic solvents (7, hereby incorporated by reference). It is obvious for those 
skilled in the art that a wide variety of Pd catalysts and solvents can be used to 
carry out the hydrogenation, which when done under optimized conditions leaves 

25 only small amounts of unsaturated sterols unconverted while the formation of the 
typical dehydroxylated by-products stanes and stenes remains at a low level 
(<1.5%). 

The instant invention compares the hypocholestelolemic effect of a stanol mixture 
30 containing a high level of sitostanol that is generally regarded by experts in the 
field to be the safest and most effective plant sterol in reducing cholesterol 
absorption and thereby serum cholesterol levels with a stanol mixture containing a 
substantial amount of campestanol. In this specification, for the first time, hypo- 
cholesterolemic eff cts of vegetable oil based stanols in humans have be n 
35 reported. This invention is the first to show that a stanol mixture with a substantial 
amount of campestanol (over 10% and preferably about 30 A) is at least as 
eff ctiv as stanol mixtures with high levels of sitostanol. Furthermore, the results 
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of the present study clearly indicate that camp stanol on the contrary to what has 
been reported by Heinemann et al. (20) is virtually unabsorbed. 

Clinical Studies 

5 

To study the hypocholesterolemic effects of vegetable oil stanol ester and tall oil 
stanol ester margarines a 5-week double blind cross over study with a 2 weeks 
wash-out period was designed. The test arrangement of the study was as follows: 



10 Test arrangement of the intervention study. 

Numbers 1-6 indicate the blood samples collected at the home diet (1, 2), after 
the first intervention period (3, 4) and after the second intervention period (5, 6). 
VS = vegetable oil based stanol ester margarine, TS = tall oil based stanol ester 
15 margarine. 

Group 1. (n=12) 

1_2 3 4 N / 5—6. 

20 VS \ / VS 

\/ 

Group 2. (n=12) / N N 



-1—2- 



/ n 

-3— 4' N - 5—6 



25 TS TS 



Home diet Intervention Wash-out Intervention 

30 period period period 

5 weeks 2 weeks 5 weeks 

Twenty-four voluntary, free-living, healthy women with a moderately elevated 
cholest rol I v I (average 6.12±0.16 mmol/l) consumed about 25 g per day (a 250 
35 g tub/ 10 days) of the t st margarines as a part of the daily diet in a random order. 
S rum lipids (total chol sterol, LDL-chol sterol, HDL-choIest rol and tri- 
glycerides) and s rum sterol contents were m asured at the horn diet and at the 
end of each test period. Blood samples were taken twice, one w ek apart at the 
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home diet and by the end of each test margarine perios.The obtained serum lipid 
values are shown in Table 1 below. 

Table 1. Serum lipid concentrations (mmol/l, mean±SE) during the home diet and 
5 after the five-week treatment with vegetable oil stanol ester margarine (VS) and 
tall oil stanol ester margarine (TS), (n=24). 





Home diet 


VS 


TS 


Total cholesterol 


6.12±0.16 


5.77±0.18* 


5.95±0.23 


LDL-cholesterol 


4.03±0.15 


3.60±0.17* 


3.76±0.19* 


HDL-cholesterol 


1.54±0.09 


1.62±0.09* 


1.63±0.10* 


Triglycerides 


"1.22±0.13 


1.20±0.11 


1.26±0.15 



* p<0.05 or less 



Both test margarines resulted in favourable changes in serum lipids. The 
20 reduction in LDL-cholesterol values and the increase in HDL-cholesterol values 
were statistically significant (p<0.05 or less). Furthermore, the vegetable oil based 
sterol ester resulted also in a statistically significant reduction of total cholesterol. 
The obtained reduction of total cholesterol and LDL-cholesterol was higher with 
the vegetable oil based stanol ester margarine compared to the tall oil based 
25 stanol ester margarine. No changes in triglyceride levels were obtained. The 
serum lipid results obtained indicate that a vegetable oil stanol ester margarine 
containing a substantial amount of campestanol in its stanol fraction might be 
even more effective than the tall oil stanol ester margarine. Tall oil stanol ester 
margarine has in earlier studies (14, 15, 31) shown effective hypocholesterolemic 
30 effects. Thus, based on the cross-over design of this study, it can be concluded 
that vegetable oil based stands are showing at least as effective 
hypocholesterolemic effects as tall oil based stands. 

Serum sterol concentrations were quantified with gas-liquid cromatography 
according to a previously published method (29, hereby incorporated by 
35 reference). The means of two m asur ments of serum lipids from the blood 
samples taken at each period were calculated. The data on mean serum plant 
sterol concentrations at the home diet and after each test period and the mean 
changes observed in these concentrations are presented in Tables 2 and 3 below. 

i V 
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Table 2. Serum plant sterol concentrations (mean±SE t pg/dl) during the home diet 



and after each intervention period (n=24). Vegetable oil based stanol ester 
margarine, TS = tall oil based stanol ester margarine. 




Home diet 


VS 


TS 


Campestanol 
Sitostanol 
Campesterol 
Sitosterol 


47±2 
94±3 
472±37 
277±17 


58±3 
92±5 
337±25 
198±12 


47+3 
96±5 
350±28 
227±15 


* p<0.05 or less 








Table 3. Mean changes (±SE) in the serum plant sterol concentrations (ug/dl), 
(n=24). VS = Vegetable oil based stanol ester margarine, TS = tall oil based 
stanol ester margarine, HD = home diet. 




A (VS - HD) 


A (TS - HD) 


A(VS-TS) 


Campestanol 
Sitostanol 
Campesterol 
Sitosterol 


11±2* 
-2±3 
-134±19 # 
-80±11* 


0±2 
2±4 
-122±21* 
-51 ±12* 


11±2* 
-4±4 
-12±13 
-29±8* 



* p<0.05 or less 



Both test margarines significantly lowered serum campesterol and serum 
35 sitosterol levels. The serum concentration of campesterol is known to reflect 
intestinal cholesterol absorption in humans (29, 39). Thus, the lower the 
campesterol value, the lower the percentage of intestinal cholesterol is absorbed. 

Marked falls in serum campesterol levels (25-28%) during the study periods 
indicates that both stanol ester margarines decreased the intestinal absorption of 
40 chol st rol. Furthermore, no differences in the serum sitostanol concentration 
could be seen while mean serum campestanol concentration after the vegetabl 
oil stanol ester period was significantly higher than at the home diet and after the 
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tall oil stanol ester period. However, the absolute concentration of campestanol 
was only about 63% of that of sitostanol. which is generally regarded as virtually 
unabsorbable. This low serum concentration of campestanol clearly indicates that 
the absorption of campestanol is very limited, which is in conflict with the results 
5 presented by Heinemann et al. (20). Thus, since stanol mixtures containing high 
levels of sitostanol are regarded as safe for human ingestion, stanol mixtures 
containing substantial amounts of campestanol must be regarded as equally safe 
based on the fact that campestanol is like sitostanol virtually unabsorbable. 

10 The preparation of the stanol ester composition of the invention and the 
margarines used in the above clinical studies are disclosed in detail in the 
following working examples: 

Example 1: Mydrogenation of sterol mixtures. 

15 

A commercially available sterol mixture obtained from vegetable oil distillate 
(composition: brassicasterol 2.7%, campesterol 26.7%, stigmasterol 18.4% 
sitosterol 49.1% and sitostanol 2.9% ) was hydrogenated in a pilot scale reactor 
(25 I). 26 g of a fibrous Pd catalyst (Smop-20; Pd content 10 weight-%. Smoptech, 
20 Turku, Finland), 26 g distilled water for the activation of the catalyst and 11.7 kg 
propanol was feed into the reactor. The reactor was flushed with nitrogen and the 
activation of the catalyst was carried out under hydrogen gas at a pressure of 1 
bar and at a temperature of 65°C for 30 min. After the activation the blend was 
cooled to 40°C, after which 1 .3 kg of the sterol blend was added. 

25 

The propanol sterol mixture was heated under nitrogen atmosphere to 65°C, after 
which nitrogen was displaced by hydrogen. After that a thorough flushing with 
hydrogen was done, the hydrogenation reaction was carried out at a hydrogen 
pressure of 1 bar. The normal conversion time is about 120 min. The conversion 
30 can easily be monitored by taking aliquots, which are analyzed by HPLC. 

The hydrogen pressure was dropped and the reactor was flushed with nitrogen. 
The fibrous catalyst was filtered off with nitrogen pressure. The propanol stanol 
blend was left to crystallize overnight at 10°C aft r which the stanol crystals were 
35 vacuum filt red and the cake was washed ith 0.5 kg cold propanol. Th obtained 
stanol mixture was dried at 60°C in a vacuum cupboard. Th yield was 75% 
and the composition of the obtained stanol mixture was as follows according to 
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capillary GC analysis: campesterol 0.2%, campestanol 28.9%, stigmasterol 0.1%. 
sitosterol 0.2%. sitostanol 70.1%. It should be noted that brassicasterol is 
hydrogenated into 240-methyl cholestanol. an epimer of campestanol. but since 
these appear in the same peak with ordinary capillary gas chromatographic 
procedures which is unable to separate according to chirality, it is usually 
calculated as campestanol. Based on the initial sterol mixture the content of 240- 
methyl cholestanol should be 2.7%. 

Example 2. Preparation of stanol fatty acid esters. 



A stanol fatty acid ester mixture was prepared on a pilot scale. 6 kg stanols 
obtained by combining several batches obtained by the hydrogenating procedure 
given in example 1 was dried overnight at 60°C and esterified with a 8.6 kg low 
erucic acid rapeseed oil methyl ester mixture. The sterol composition of the stanol 
15 blends used was as follows: Campesterol 0.4%, campestanol (+ 24B-methyl 
cholestanol) 29.7%. stigmasterol 0.1%, sitosterol 0.4% and sitostanol 68.0%. The 
stanol content of the blend was 98.2%. The esterification was carried out as 
follows: 

20 A mixture of stanols and low erucic rapeseed oil fatty acid methyl ester was 
heated in a reactor vessel at 90-1 20°C under a vacuum of 5-15 mmHg. After 
drying for 1 hour, 21 g Na-ethylate was added and the reaction was continued for 
about 2 hours. The catalyst was destroyed by the addition of 30% water (by 
weight) at 90°C. After phase separation the water phase was removed and a 

25 second washing was carried out. After the separation of the water phase, the oily 
phase was vacuum dried at 95°C with a stirring effect of 200 rprn. The stanol fatty 
acid mixture was lightly bleached for 20 min. at 30 mmHg and a temperature of 
110°C with 1.0% of bleahing earth (Tonsil Optimum FF, Sudchemie, Germany) 
under a stirring effect of 200 rprn. The bleaching earth was filtered off and the 

30 obtained mixture of fatty acid methyl esters and stanol fatty acid esters can be 
added as such to fat blends prior to deodorization or the excess of methyl esters 
can be distilled off under vacuum. Accordingly the blend can be deodorized to 
obtain a tasteless stanol fatty acid ester mixture, which can be added as such to 
different food manufacturing processes. 



The conversion of the esterification process is normally >99% measured by a fast 
HPLC method and the yield is in the range of 95%. 
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Example 3: Production of margarines for the clinical studies. 

80% margarines with tall oil stanol fatty acid esters and vegetable oil based stanol 
fatty esters were produced on a Gerstenberg & Agger 3 x 57 pilot scale perfector. 
5 Tall oil stanol fatty acid esters were obtained from the normal production of 
Benecol® margarine by Raision Margariini, Finland. A normal trans fatty acid^free 
fat blend (composition: 30% non-hydrogenated interesterified vegetable fat and 
70% liquid LEAR oil) to wich the stanol fatty acid mixtures were added was used. 
The stanol content of the final product was targeted to be 12 g/100 g product, 
10 which would provide a daily intake of 3 g stands at usage level of 25 g/day. The 
products were produced according to following recipe: 

Fat blend including the stanol fatty acid esters 80 % 
Water 19 % 

15 Salt 0.5 % 

Emulsifier, Dimorian BP 

Na-bicarbonate and citric acid as pH-regulating agents 

0-carotene as colouring agent 

Flavours. 

20 

The obtained margarines were packed into 250 g polypropene tubs, which were 
sealed by an aluminium foil. The taste and texture of the products were equal to 
commercial margarines. 

25 The stanol content of the tall oil stanol margarine was 12.7 g/100 g product and of 
the vegetable oil based stanol margarine 12.6 g/100 g product The sterol 
composition of the two products were as follows: 

Tall oil based Vegetable oil based 
30 stanol margarine stanol margarine 



35 



Brassicasterol 


0.3% 


0.4% 


Campesterol 


2.2% 


2.4% 


Campestanol 


7.5% 


27.6% 


Sitosterol 


7.4% 


4.2% 


Sitostanol 


82.5% 


63.8% 


Others 


0.1% 


1.6% 
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1. A composition of plant stanols for use as a serum cholesterol level 
lowering substance and comprising sitostanol, the composition further 

5 comprising at least 10% campestanol obtained by hydrogenation of a 
phytostanol mixture. 

2. The composition of Claim 1, comprising from 20% to 40%, preferably 
from 25% to 35% campestanol. 

10 

3. The composition of Claim 1 or 2, comprising from 50% to 80% of 
sitostanol. 

4. A composition of plant stanol fatty acid esters comprising a sitostanol 
IS fatty acid ester for use as a serum cholesterol level lowering substance, the 

composition further comprising at least 10% of a campestanol fatty acid 
ester. 

5. The composition of Claim 4, comprising from 20% to 40%, preferably 
20 from 25% to 35%, e.g. about 30% of the campestanol fatty acid ester. 

6. The composition of Claim 4 or 5, comprising from 50% to 80% of the 
sitostanol fatty acid ester. 

25 7. The use of a composition of any of Claims 1 to 6 as such or as part of 
the diet, e.g. in fat-containing foods, to be consumed for lowering serum 
cholesterol levels. 

8. A food substance containing a plant stanol composition comprising 
30 sitostanol or a fatty acid ester thereof effective in lowering serum cholesterol 

levels, the composition further comprising a substantial amount of 
campestanol or a fatty add ester thereof such that the weight ratio of 
campestanol or its fatty acid ester to sitostanol or its fatty acid ester is from 
1:9 to 4:6. 

35 

9. The food substance of Claim 8, wherein said weight ratio is from 2:8 to 
3.5 : 6.5. 
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10. Th us of a phytost rol mixture, comprising in addition to sitost rol a 
substantial amount of campesterol, as a raw material for producing a serum 
cholesterol level lowering composition or food substance according to any of 
Claims 1 to 6, 8 and 9. 
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AMENDED CLAIMS 



[received by the International Bureau on 15 July 1997 (15.07.97); 
original claim 1 amended; remaining claims unchanged (2 pages)] 

1. A composition of plant stanols for use as a serum cholesterol level 
lowering substance and comprising sitostanol, the composition further 

5 comprising at least 10% campestanol. 

2. The composition of Claim 1, comprising from 20% to 40%, preferably 
from 25% to 35% campestanol. 

10 3. The composition of Claim 1 or 2, comprising from 50% to 80% of 
sitostanol. 

4. A composition of plant stanol fatty acid esters comprising a sitostanol 
fatty acid ester for use as a serum cholesterol level lowering substance, the 

15 composition further comprising at least 10% of a campestanol fatty acid ester. 

5. The composition of Claim 4, comprising from 20% to 40%, preferably 
from 25% to 35%, e.g. about 30% of the campestanol fatty acid ester. 

20 6. The composition of Claim 4 or 5, comprising from 50% to 80% of the 
sitostanol fatty acid ester. 

7. The use of a composition of any of Claims 1 to 6 as such or as part of 
the diet, e.g. in fat-containing foods, to be consumed for lowering serum 

25 cholesterol levels. 

8. A food substance containing a plant stanol composition comprising 
sitostanol or a fatty acid ester thereof effective in lowering serum cholesterol 
levels, the composition further comprising a substantial amount of 

30 campestanol or a fatty acid ester thereof such that the weight ratio of 
campestanol or its fatty acid ester to sitostanol or its fatty acid ester is from 
1:9 to 4:6. 

9. Th food substanc of Claim 8, wher in said weight ratio is from 2:8 to 



10. The us of a phytosterol mixture, comprising in addition to sitosterol a 
substantial amount of campesterol, as a raw material for producing a s rum 



35 3.5 : 6.5. 



AMENDED SHEET (ARTICLE 19) 



t 



9 



PCT/FI96/00465 

WO 98/06405 

25 



cholesterol I vel low ring composition or food substance according to any 
Claims 1 to 6. 8 and 9. 



c-.-;cnao:«wo--8806«)SAi i > 



AMENDED SHEET (ARTICLE 19) 



% 



INTERNATIONAL SEARCH REPORT 



t 



International application No. 
PCT/FI 96/00465 



A. CLASSIFICATION OF SUBJECT MATTER 



According ffinla^o^^Leni Classification (IPC) or to boih national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: A61K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI t N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



CASONLINE 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Atherosclerosis, Volume 24, 1976 t 

Michihiro Sugano et al, "Lipid-Lowering Activity 
of Phytostanols in Rats" page 301 - page 309 



US 5502045 A (TATU MIETTINEN ET AL), 26 March 1996 
(26.03.96) 



US 5244887 A (CARL D. STRAUB), 14 Sept 1993 
(14.09.93) 



1-10 



1-10 



1-10 



P"| Further documents are listed in the continuation of Box C [j^J See patent family annex. 



* Special categories of cited d ocument s : 

•A* document defining the general state of the art which is nest considered 

to be of particular relevance 
"E' crlier t but published on or after the international tiling date 

"\f tforam^t which may throw doubts on priority daim(i) or which is 

cited to establish the publication date of another citation or other 

special reason (as specified) 
'CT document referring to an oral dUdosure, use, exhibition or other 

filing date but later than 



"T* Uter document pnbltshed after the international 
date and not in conflict with the application but 
the principle or theory underlying the invention 



date or priority 



t published prior to the 
the priority date claimed 



•X* document of particular 

co nsidered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance: the cudixted invention cannot be 
considered to involve an inventive step when the document ts 
combined with one or more cither such documents, such combination 
being obvious to a person skilled in the art 

*&• document member of the same patent family 



Date of the actual completion of the international search 



7 Hav 1 9 9 7 



Date of mailing of the international search report 

25 -05- 1997 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Authorized officer 

S Iveig Gustavsson 

Telephone No. + 46 8 782 25 00 



Form PCT/ISA/210 (second sheet) (July 1992) 



NSDOCID: <WO 98064OSA1 I > 



t 



v INTERNATIONlr SEARCH REPORT 

Information on patent family members m 

02/04/97 


InS^tional application No. 
PCT/FI 96/00465 


Patent document 
a led in search report 


Publication 
date 


Patent family 
memberff) 


Publication 
date 



US 5502045 A 



26/03/96 



AU 
CA 
EP 
FI 
FI 
JP 
NO 
PL 
W0 



664827 B 
2102112 A 
0594612 
934869 
964951 
6506909 
933966 
166991 B 
9219640 A 



A 
D 
A 
T 
A 



04/11/92 
04/05/94 
00/00/00 
11/12/96 
04/08/94 
02/11/93 
31/07/95 
12/11/92 



US 5244887 A 



14/09/93 



NONE 



Form PCT/ISA/J10 (patent family annex) (July 1992) 

•NSOOCfD: <WO 9806405A1 I > 



In diesem Lexikon sind zahlreiche Gebrauchs- und 
Handelsnaraen, Warenzeichen, Finnenbczeichnuiigen 
" sowie Angaben zu Vereinen und Verbanden, DIN- 
Vorschriften, Codcnummero des Zolltarifs. MAK- und 
TRK-Wcrten. Gefahrklassen, Patenten, Herstellungs- 
und Anwendungsvcrfahren aufgefubrt. Alle Angabtn 
erfolgtcn nach bestem Wisscn und Gcwissen. 
Herausgeber und Vcrlag machcn ausdruckiich daraur 
aufmerksam. daD vor dcren gewerbiicher Nutzung 
in jedem Falle die Rechtslage sorgfaltig gepriift 
werden muB. 



Die Deutsche Bibliothek - CIP- -inheitsaufnahme 

Rompp Chemie Lexikon / Hrsg . Jurgen Falbe ; Manfred 
Regitz. Bearb. von zahlr. Fachkollegen. - Stuttgart ; 
New York : Thieme. 

Bis 8. Aufl. u.d.T.: Neumuller. Otto-Albrechl: 

Rompps Chemie-Lexikon 
NE: Rompp, Hermann [Begr.J; Falbe, Jurgen [Hrsg.]; 
Chemie-Lexikon 

Rompp Lexikon Lebensmittelchemie / Hrsg.: Gerhard 
Eisenbrand ; Peter Schreier. Bearb. von zahJr. Fach- 
kollegen. Zentralred. : Barbara Frunder ; Elisabeth Hillen ; 
Ute Rohlf. - Stuttgart : New York : Thieme, 1995. 

(Rompp Chemie Lexikon) 
NE: Rompp, Hermann fBegr.); Eisenbrand, Gerhard 
[Hrsg.] ; Lebensmittelchemie 

Das Werk. einschiieBlicb aller seiner Teile, ist 
urheberTechtlich geschutzt. Jede Verwertung 
auBerhalb der engen Grenzen des Urheberrechtsgesetzes 
ist ohne Zustimmung des Verlages unzulasstg und 
strafbar. Das gilt insbesondere fur Vervielfaltigungen. 
Obersetzungen, Mikroverfilmungen und die Einspeiche- 
rung und Verarbeitung in eleklronischen Systemen. 

© 1995 Georg Thieme Verlag 
RudigerstraBe 14, D-70469 Stuttgart 
Printed in Germany 

Typographic: Brigitte und Hans Peter Willberg 

Graphik: Andreas Neuber und ICornelia Wagenblast 

Gesamtherstellung: 

Konrad Triltsch GmbH 

Graphischer Betrieb. 97070 Wurzburg 

Gedruckt auf archivierfahigem Werkdruckpapier a us 
chlorfreiem ZellstofT ..Pennaplan" der Gebr. Buhl Papier- 
fabriken. Ettlingen. 



Korrespondenzanschriften 
Herausgeber 

Prof. Dr. Gerhard Eisenbrand 
Universitat Kaiserslautern 
Fachbereich Chemie 
Erwin-Schrodinger-StraBe 
67663 Kaiserslautern 

Prof. Dr. Peter Schreier 
Universitat Wurzburg 
Lehrstuhl fur 
Lebensmittelchemie 
Am Hu bland 
97074 Wurzburg 

Zentralredaktion 
Dr. Elisabeth Hillen 
Georg Thieme Verlag 
Rudigerstr. 14 
70469 Stuttgart 

Obersetzung der Stichworte 
Englisch 

Durch die Autoren 

Franzosisch 

Dr. Elke Stembacher 

Ulm 

Italienisch 

Dr. Salvatore Venneri 

Ludwigshafen 

Spanisch 

Dr. Maria Alvarado 
de Schroder 
Markgroningen 



ISBN 3-13-736601-1 



1 2 3 4 5 6 



% 



I 



272 



r 



1: 



ill" 



III 
IP 

E; 
if 



- *i ■ 



Fettfisch 

Tab 1.: Fettsaurt-Zusarnrnensetzung 


wichtiger pflanzlicher 


Fette (Anzahl C-Aiomc: 


Anzahl Doppelbindungen). 




Fett 


10:0 


12:0 


14:0 


16:0 


18:0 


18:1 


18:2 


18:3 


20:1 


22:1 








0,5 


4 


1 


60 


20 


9 


2 ■ 


2 


Rapsol (ncu) 








6 


4 


28 


61 








•Sonnenblumenol 








5 


4 


22 


17 


52 






Leinol 

•Kokosfett ^ 
Palmkernfett 


7 

5 


48 

50 


17 
15 

2 


9 
7 
42 


2 
2 
5 


7 

15 
41 


1 
1 

10 








♦Palmdl 








10 


5 


21 


53 


8 


0,5 




•Sojaol 
•ErdnuBol 








10 


3 


41 


36 




1 




1 ■ 



Nachweis der Fetthartung sowie Nachweis von Zu- 
sauen (Antioxidantien) bzw. FrerndbestandteUen 
(techn Ole, Pestizide u.a.). Der Gesamtfett-Gehalt 
ernes Lebensroittels wird meist durch gravimetr. 
Analyse des Ether- bzw. Petrolether-Extraktes enrut- 
telt sowie schneller anhand der 'H-NMR-Spektrosko- 
oie Zur Charakterisierung von F. werden in der klass. 
Fettchemie verschiedene Kennzahlen (vgl. Fettkenn- 
zahlen) verwendet. die heute allerdings durch chro- 
matograph. Verf. z.T. uberholt sind. Die Benimmung 
der Fettsaure-Zusammenseizung in den Tracylglyce- 
riden erfolgt meist gaschromatograph. na;h Freiset- 
zung der Acy 1-Reste als Methylester (Umesterung mil 
Na-methylat). In bestimmten Fallen konnen emzelne 
Fettsauren als Indikatoren fur die Fettart herangezo- 
gen werden (Tab. 2). So kann z.B. anhand von 
•Behensaure (22:0) ErdnuBol nachgewiesen werden. 
Die Unterscheidung von cis- u. fraw-Fettsauren 
(Nachweis der Fetthartung bei pflanzhchen Fetten) 
erfolgt heute durch Kapillargaschromatographie. 
Eine Anreicherung von analyt. interessanten Neben- 
Fettsauren wird mittels spezieller Trenntechniken 
durcheefuhrt, z. B. der Argentationschromatograpnie 
(Trennung der geometr. Isomere) od. uber *Harn- 
stoff-Addukte (Methyl-verzweigte Fettsauren: Nach- 
weis von Seetierolen in Pflanzenfetten). Aussagekraf- 
tiger ist allerdings hauFig das Triacylglycend-Muster, 
das sowohl durch direkte gaschromatograph. Ana- 
lyse (vgl Kakaobutter) als auch durch HPLC enxuttelt 
werden kann. Auch die Bestimmung der Zusammen- 
setzune des *Unverseifbaren erraoghcht die Enmtt- 
ung der verwendeten Fettart (Tab. 3). Zur Bestim- 
mung des Gehaltes an freien 'Fettsauren, die die 
Fettqualitat beeinflussen, dient die Saurezahl (vgl. 
Fettkennzahlen). Der Oxid.-Zustand der F. kann 
uber die Peroxid-Konz. (vgl. Peroxid-Zahl) sowie den 
Gehalt an Carbonyl-Verb. (vgl. Thiobarbitursaure- 
TesO die aus der * Autoxidation hervorgehen, bewer- 
tet werden. Eine geeignetere Meth. zur Bewertung der 
Fettqualitat ist jedoch die selektive quant Erfassung 
der Aroma-wirksamen Verbindungen 2 . Voraussagen 
zur Lagerstabilitat von F. erlaubt der *Swift-Test 
- E fats and oils - F graisses et huiles - / grassi e oh - 
S grasas y aceites 

lZ « J Am. Oil Chem. Soc. 65, 702 (1988). 1 Ubensm. Wiss. 

1 if ids Oxford- Pergamon Press 1987 - FatSci. Technol. 93, 
flEfflS (WW* 1* 477 - 489, 490-493, 494 f. 558-560 
(1992) - Perkins, Analysis of Fats. OUs and Lipoproteins, 



Tab. 2: Fettsauren als Indikatoren fur Fettarten. 

Anteil' (%) Indikator fur 



Fettsaure 



4:0 
12:0 



(9) 

(9, 12, 15) 
18:2 (9.12) 



18:1 
18:3 



22:0 
20:4 
18:1 
trans 



(5, 8,11.14) 
(9, 12-OH) 
■Fettsauren 



Methyl-verzweigte 
Fettsauren 0,2-1,6 



XI Milchfett 
45 Kokos-, Palmkem- und 

Babassufett 
65-85 b Teesamen-, Oliven- u. ■• 
HaselnuBol 
9 Soja, Raps^ u. Rubol . 

(auch erucasaurefrei) , 
50-70 b Sonnenblumen-, 

Maiskeim-, Baumwoll- 
saat-, Weizenkeim- 
u. Sojaol 
3 ErdnuBol 
0,1-0,6 Tierische Fette 
80 Ricinusol 

Partiell od. vollstandig : 
hydrierte Fette c 

tierische Fette d :V<. 



• Der Anteil an der Fettsaure- Zusammensetzung ist als Mi^vj 

telwert angegeben, wenn nur ein Wert notiert ist. 
» Die hohe Konz. dieser Fettsaure ist cteraklensusch ^| 
« Zu beachten ist, dafi tier. Fette bis zu 10 % ^Fettsauren ^ 

cnthalten konnen. , 
d Bes. hoch in den Seetierolen (um 1 /o). 
Tab. 3: Identifizierung von Fettarten uber die Analyse von^ 
Bestandteilen des t ,Unverseifbaren". ._ ^ 



Analyse 



Nachweis 



Squalen 

Campesterin/Stigmasterin ' 

Cholesterin 6 

Carotine 

y-/^-Tocopherol b 

^-Tocopherol 

ot-/y-Tocopherol b 

7-/Mbcopherol b 

Alkoxylipide 



OUvenol, Reisol, Fischleberol^ 
Kakaobutter-Ausuuschfttte^ 

Tierische Fette 

Rohes Palmol . . , 

Maisol 

Weizenkeimol 
Sonnenblumenol 
Sojaol 

Schweinefett/Rinderfett 



• Kon2.-Verhaltnischarakterisusch. 
■ Konz. ■ ' ' — - 
stisch. 



itisch. r. 
b ZZia eiB^Tnm Verb. u. Kooz.-Verhatnis chaiai^ 




^tchn-Konr muB >5% der Sterin-Frakuons^p 
[Z J5.01-15M. l%<kg 



IUinois: Am. Oil Chem. Soc. 1991 

J5.80. 15.10] itvda^ 
Fettfisch. B«. fur *Fische mil einem ^Fettge hj tv^ 
uber 10% (s.a. Magerfische u. Seeuerole). Zu q^g 
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Table 2: Fatty acids as indicators for types of fat 
Fatty Acid Portion 1 (%) Indicator for 



4:0 


3 . 


7 


HiiiK rax 


12:0 


45 




coconut, palm nut and 

DaJjaooU i_ a. L. 


18:1 (9) 


65- 


-85 b 


tea seed, olive and 
hazelnut oil 


18.3 (9, 12, 15) 


9 




soybean, rape, colza oil 
(also erucic acid-free) 


18:2 (9, 12) 


50- 


-70 b 


sunflower, corn, cotton 
seed, wheat germ and 
soybean oil 


22:0 


3 




peanut oil 


20:4 (5, 8, 11, 14) 


0 


.1-0.6 


animal fats 


18:1 (9, 12-OH) 


80 




castor oil 


trans-fatty acids 






partially or completely 
hydrogenated fats c 


methyl-branched 
fatty acids 


0 


.2-1.6 


animal fats 4 



• The portion of the fatty acid composition is given as an 

average if only one value is noted. 

* ... 

b The high concentration of this fatty acid is characteristic. 

c It should be noted that animal fats can contain up to 10% of 
trans-fatty acids. 

d Especially high in sea animal oils (by 1%) . 



t r 



Table 3: Identification of types of fat by analysis of components 
of the "unsaponif iables" • 



Analysis 



Detection 



squalene 

campest er o 1 / s t igmast er o l a 

cholesterol 0 

carotenes 

y-/fj tocopherol 5 

0 -tocopherol 6 

a -/*y-tocopherol b 

7-/ $ -tocopherol* 

alkoxylipids 



olive oil, rice oil, cod-liver 
oil 

cocoa butter substitute fats 

animal fats 

raw palm oil 

corn oil 

wheat germ oil 

sunflower oil 

soybean oil 

lard/beef suet 



Concentration ratio is characteristic. 

Concentration of the individual compound and concentration 
ratio is characteristic. 

Cholesterol concentration must be >5% of the sterol fraction. 



(US) 



